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I. BIOMEDICAL SCIENCES

REPORT BACK:

1. Stress Fatigue and Measurements: Current investigations-

underway ave larcely Airected tuward an investigation

)

of those static and Jvnamie phvsiclogic resporag para-

netera which hold promise for giving an indication
of phyrical fitness and stamina. These are prin-
cipaily cazvried out on » seni-arncal kasis, the wmost
compiete studies being done at either (he loveiace
FPoundatiorn or at the Plight Medical Laboratory School
of Aviation Medicine cn an ammual basis. Attevpts
are being made to carry a porticn of tnese lnvesti-
gations into the aotual cperational and training
environpent but thus far our currelation of data
with obiective neasures of misgion performance is
somewhat squivocal. Future efforts in this area of

rasearcin should be considerably augmented. {urrent

work in the area of siress physiolegy heing rcarried out
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b, the Army. Navy, kir Force and NASBA is being
clusely followed but thus far Lhe results of these
programe have not yielded auything of value whici

we might apply to our operationsal reguirement.

2. Metabolic and nutriticnal: Asa corellary

to (1) above, we are atcempting in a rather crude
way tc determine metabolic expenditures az a furction
of operaticnal and training wisuicns: at the same
tine determining optimml ard winimal nutritional
requirepents {or koth routine and engrgenay
sivvacions. High caloric-iow residue diets, similar
co those that NASA nas develeoped for the astionauvts,
eare being evsluated for our specific operational

use although our paxticular pressure sult regquire~
rents for the most part rely uvpen liquid foeds.

3. Diurnal Physicloyic Rhythms: Since the pattern
sf our operaticnal activitliesz inveives fiights

taking off arwund the clock, it is impor tant that
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we ke able to re-cycle and re-condition our

pilots in a manner that is practically the reverse
of their normal work-rest cycle. Our exparience
vhus far would indicate that a pericd of three Lo
fouy days, doring which the individual is re-cycled
into a night work pericd and & day's sleep period,
is regquired andéd this does not appear to have any
deleterions effects upon the individual. Howeverx
we have noticed that there appears Lo he sone
individual variation on the rapidity ond tctal
effectiveness with which he can ke successfully
re-cycled. Whether or nct these variations in
individual ability & re-adapt oneszelf tc a night-
dsy work-rest cycle is related in anv way to other
physioclogic adaptive preoceszes i.e., nteat, cold,
reduced atmogpheyic presaure, etc., poses an
interesting guestion for us but cbvicusly not one

wiich we are capable of resolving under field
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conditiors. It is conceivalle that Liochewieal
Gdeterminations way provide us with a clue to the
mrmount of streasful reaction an individual demonstrates
in being re-cyclied in this manner and alse it may
ve possikble to determine the opiimal point of his
re~adaptation to this aknormal work-rest cycle.
This area of wory needg counzmiderable exparsion
during the next several years sirce i1t is c¢icemely
ielate? to developing ultimately objective coriteria
of pilot fitness for demanding missions.

4, Thearncregulatory Systems: One of the inflight
enmergencies is concerned with a dusl system failure
which would reduce cffliciency of the ventilating
systen to the presaure suit by virtue of loss of
heat exchange capacity of the system at the same
time the thermoshe=ath of the aircraft has mounted
rapidly., Pilot experience in suljective reporting

on this problem thus far has not heen consistent
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and indicates again a rather significant variation
ir either the pllots heat tclerance, motivation ox

a ¢combination of both. Welight leoszes after our
longest flights in which this contingency has
ovcourred have rowt heen significant Lve some pilots
have stated that, in their ~»wn subiective aralysis,
they feel that they have undergone & significant
decrement in performwance., Qur current activity ir
thiin area has been to optimize the capabilitv of

the coeling systenm and we are current’y investigating
the feasitility of placing an enercency backup
cooiing system into the aircraft., We are expecting
o obtaln authority to instrument one aireraft (and
the sulted pilox] in order to determine more acourately
and obiectiveliy the nature and extent of the heat
pulae and ite impinyewent on the pilot., The qusstion
remeining insofar as appiied hwsen resnssrch is con~

cerned is whether or not to attenpt to determine wmore
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precisely the heat tolerarce of the individual
pilots by any current and acceptable nethods and
further, in those that show & low tolerance, whether
it would be advisalble to attempt to improve this
through appropriate adaptive aneans. This latter
aquestion cannot be, in our opinien, fully resolved
until a better determination is made regarding the
iikelihood of these severe heat envelopes to coour
during operatcional migsions,.

5. Respiratory Punction: We have previcusly
poeinted cut that increases in oxygen consunption
oceur dvring nmissicn pericds which, hecavse of theix
difficulty or intrinsic hazard, eveoke a general
alerting and emotional responge on the part of the
pilot. This same phenowencn has been observed of
course by other investigators studying pgycho~
phyvsiologic responses *c a wide variety of occupaticnal
activities, inciuding auvtomokile drivers on the

Loa Angeles freeways. We are not particulariy con-
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cerned with thls pheanomeron since it appears Lo

e cuice a natural one and certainly the excessive
consurpticn of oxygen poases no proklem as & fanction
of total slssion duratiovn in cur pexrticuvlar aircoraft.
We zre, however, Iinterested in the individoal
variation that we find roiéh in total oryvgen con-
svmption durirg missions and in the extent o»f this
neightened physicleglic activity during periods of
erational strese. We would like to see further work
dore 3in this area to determine whether ¢r not a

test could he deviged for programming inte a grovnd
simulator which might enable uves to determine wvore
accurately the stability or laybility of owérall
psycho-phygiclogic rechanismg in reasponse to vacricus
imposed tasks. 2 furtnexr extension of this work,
which concefably coculd have sowme cperational use for

g, would be to pre-set a pattern of circulatory and
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Tegpiratoyy responges into the on-board data
collecticn and telemetry nystem which when ex-
ceeded would provide a reliable indication that

thie pllot had gone 'too far' in depth a8 & result

of a particular crisis for him co proceed with the
mission,

. Auditery Puncticn and Hearing Loss: The
najority of pilote, heving had considerakle previous
experience in flying high performance aircraft, show
as a group sowe acceeptakbie degree of hearing loss
wver the higher freguency ranges, However in following
the total greup with sultable audicometric studies,
it is apparent that hearing loss progressses more
rapidly in some individusls than in cthers and this
does not seem to be directly related either to age
or aours of exposure. The routine recommendation
which we perceive from the central examining clinic

on these individuals, showing a 30 tc 50 per cent
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hearing loss in high frequencieg, is to recowmend
that the individual he prctected frow further
acoustic trauma. Thiae, ¢f course, is & rather
difficulec recormendation fur um to follow gince

he is mlready protecied to the greateat degree that
is poesikle for us without impsiring his akbility

to communicate. Purthermore, it has rot been
evident to u® that after periocde f absence from
our ncise envirconment uvp to as long as three or
four weeks, that this allows any deg:se of auditory
recovery. We therefore feel that Chere does exist
a fairly urgent vequirement Lo counduct a careful
evaluation ©f both our nolise enviromment and the
incdividuals contained cherein, particularly the
pilokts since they 2eew Lo be the ones uwost affected.
Az a corcllary co this studyv, we would reconmend also
thuat a test be devised similar (o the one that
Doctor Tondor developed for the Alx Porce at the

Schoel of Aviation Medicine in 134%, which allowed
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him to determine whether any degree of hearing

loss was actually inferential in carxying out

normal radic communications.

7. Visual Apparatu3zs It was necessary initially.
because of the pressure suit constraints, to elime
inate frow consideration all pilote whe required
corrective lenses either standard oxr contaot type.

Phus far we have not experienced any problems that

had their primary bagis in difficulties or deficiencies
in vision. Most all of the complaints which the

pilots have indirectly related to vieion have their
bagis in completely extrineic factors such as faceplate
reflectance to cexrtain sun angles, tenmporary dis-
orientaticn and possibly very transient vertigo
experienced during night re-fueling oparations in
which fixed and moving points of light must be
congtantly integrated with the dynamic motions of

poth the aivcraft and the re~fuelinyg tankers.
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These occurences Ffortunately Lave been reiatively
rare and Lave not resvlited in any situstion which
tha pilot has ieen unable to nandle. In view of -
t.he fact tnat thie particular situation is alwost

imposeible to duplicate except in actuasl aerial

re~-fueling, we have not lLeen able to obtain any

more factuazl Jata than simply that which the pilo: -~
subjectively reports upon at the time of his de-

triefing. With the prezsent state of uur knowliedge

or: this particular ratter of Jdisorientation during

aerial re-fueling, we are not prepared at this -
time to state any definite operational reguirement
for the institution of research work to either
define the protler more cobjectively or auvbaequently
to recommend any modification of the equipment

involved.
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Toxicology

1. Closed Rimcspheric Gasee: Aviators rreathing
oxvgen is utilized from both liquid and gasecus
stores although the majority of our ovperational
gctivities are supported L. liguid orygen sources.
We rely principally upon the prescriked regulaticns
goeverning the manufacture, storage and delivery

of all aviator's breathing oxygen supplies and from
time to time have had occasional complaints on the
part of the pilots that the oxvgen coming into the
masks doces not smell right. These specific com-
plaints arise much more often with the liquid
oxygen gources than with the gaseous und Yecause

of their infrequency have not been considered a
problem. We have attempted to explore in complete
detail all poesibilities in the manufacture and
storage of oxygen suppliea,whether liguild or gasecus,
in which any type of irritent or toxic product eould

be developed within the manufacturing process
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or inadvertently gain access as & stcav contaminant,
However we are rnot yet satisfied that we have all
the data necessary on this particular aspaect of
toxicology and would therefoure list this as a

study project under this section which we would

like to see initiated in the irwediats future.

2., The toxicological aspects of all the various
organc-metallic and chemical compounds which go

into ur evolve from the entire vehicular RYStem

have largely Leen investigated k» the prive cone
tractor kui we are not aware cof any single monograph
which has been published by him covering the studies
made and their results. 8ince there are a con~
siderakle number of new chemical compounds being
used in this particuvlar vehicle, it would seem
incumbent upon us to collect and document the
experiences galued for future reference ir other

similar Air Porce Advanced Projects.
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loth accidental and interded tixic infiltration of
food, water and open atmospher&a,'including
chemical, biclogic and radiclogic warfare agents,
hag thus far not Yeer an area of concern. The
integrity of cur food and water supplies is largely
a function of security and thus far we have had no
incidents of either aceidental or interded toxic
sontaination of thess comestililes.

4. Cockpit air contamination as a function of
component malfunetion in flight has been rather
extensively studied and investigated Ly the prime
contractor along with some extrapolated estinates

of ozone concentrations during prolonged £light at

maximur operating altitudes. From these astudies and

estimates it has Dbeen concluded that rne hazard exists

from either of these two possible sources.
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1. Dcpage and Dosimetry: Past experience with
aircraft flying at similar altitudes and at
equivalent latitudes in which reasonakly accurate
dosimetric measurements were made, botn on the ajir-
craft and the pliot, have irdicated that no
signifieant hazard from lonizing radiation events
exists both in terms of acute or chronic biologic
affectn. It is guite difficult to give an exact
figure for an average exposure cose lLnposed upon
a pilot flying at maxirmem altitude at a northerly
latitude but it would poobakly be fairly safe to
say that in the absence of a significant solar
flave, the total dose received wouldé be no greater

than ten tc fifteen millirads cver an eight to ten

hour mission period. While we are in an operational

sense guite comforiable and secure with our gurrent
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catimates, we nevertheless would emphasize this

srea of investigation for future active prosecution
in order tu define the radiockiological factor much
nore precisely than it exists at the present time.

Z. Acute and chronic kiologic effects have nci keen
atudied or oux pilots principally for the reasons
given in (1) above. We did do a questionneire survey
te bring out long-term genetic effects on a suall
pilot popuvlation which has been flying for a period
of from eigiht to ten yeare at altitudes in excess of
80,000 feet. The re=muits of thle study did rct support
in any way the premise that chronic genetic effectis
could be demonsirated in a hivher degiee of this
pilcot group than in the standard population. However
since thisz study was made tetter methods of studying
white Ylood cell aberrationz have heen introduced
principally in the forwm of carlotyping which appears

to be sensitive to guite small chronic mcoumulated
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doses ¢f ilonizing rvadiation over normal bhackgrouvnd.
Therefore we are strongly in support of instituting
these additional studies on pboth the new and the older
continuing project pilots.

3. Protection in Prophylaxis: Under our current
operational situztions and assigned flight profiles,
there is no situation under which a crew memlber couid
receive an acute incapacitating dose of icnizing
radiation. Therefore no work in this area of radioc-
blology is being sponsored by OS2 at the present time.
However future programe could conceivably pose a pro-
biem of crew sxposure to an artificially induced
radiation environment of an intensity to cause acute

syrptoms to appear. Therefore work on this problem

currently being spongored Ly other govermmental asgencie:

ig being followed and extracted for future reference.
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II. BEHAVORIAL SCIENCES

A

REPORT BACK:

Rersonal FPactoxs in Belectjon

1. Individual Ausessment: At the present time

our problems of selecting individual applicants for
duties requiring a high degree of skill, motivation,
courage and physical stamina is somewhat minimized by
the fact that all of them nave considerable past sx-
perience in flying high performance aircraft. Therefore
the procedures used are largely routine as regarcs
psvchiatric intexviews and projective psychological
testing, all of which have thue far provided us with

@ very high success tc failure ratio of accepted
applicants. However, because of the very significant
anount of expense and effort involved in the selecting
and ¢raining of these applicants for special projects,
we are constantly striving toward a matrix of procedures
which would practically guarantee us 100¥% success.

Dx. George Ruff, of the University of Pennsylvanis

Medical School, has been working for the past two years
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on a wmodified isolation test which gives censideralle
promise of incdicating more accurately the individual
quotient of motivaticn and we recommend that this
effort ke continued and possilly expanded.

2. Group Behavior and Interactions: Opportunities

to carry out studies on group behavior, interactions

and interpersonai relationships are minimal and only

a cursory type of study is pomsible under the condition:
of their compreswed schedule during the induction
period. However in the handes of competsnt pasycholoagiat:,
using a free open~ended association under conditions

af relaxed inforral envircnment, a good correlation

hae been found retween the estimates made at the end

of these small group seegsions with the individiual
assessments made during the other interview and testing
procedures. We do not feel that this particular effort
merits future R and D work since it does not appear
feasible to devoie any more tine than is currently
availabkle to this particular aspect of our selection

procedurss.
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J. Pemlily and Social Backgrounds: 3 certain smount -

of information on the social, economic and family
patterns of behavior ars availakle through records and
indirect, Jiscreet inquiries. However one of the most
important factors in a candidates selection is that of -~
hie wife's permonality and behavorial pattern, particularly
as it relates to vagaries in demands cf his aseigned

7uties, Under the current restraints of security, it

is possikle only to evalvate this consort factor on an -
indirect tasis through guestions to the candidate himseif,
and although honest answers are probaébly given,

nevertheless an accurate evaluation and prediction of

{future kehavior on the part of the wife under the -
actual conditions ¢of the assignment cannot bLe made,

Cur experience has not leen particularly traumatic in

the past as a result of serious psvcholicogical or

Lehavioral prohlems developing in the wife or family. -
2t the same time, it would appear highly desirable in

terms of future selection procedures, to develop a

)

method hy which & more accurate personality evaluaticn

3
}

can be made or the wife and famiivy.
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B.

aini Evaluation
l. Assessment of 8kills and Aptitudes Directly
Pertaining to System Requirements: Thus far in
Special Projects the transition into an advanced
prime vehicle has largely been a function of greater
speed and altitude and themfore conzidered as heing

a direct extension of those skiils and aptitudes

regquired to £fly conventicnal high performance aixcraft.

It is largely felt that this concept ig guite valid
with the possible exception of imporing a functional
requirement upon the pilot for integrating subsysztems
inputs and indicators in 8 manner or 9@ttern opponite
to any siwilar procedure which he had learned in the
past.

2. Training Methodology, Devices and Simulators:

An early decision to leapfrog the use of any special
training devices and/or simulators, going directly

to the use of a two-phase ‘'training version' of the

tasic aircraft, raised some problems during the
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carly portion of the operational test and evaluamtion
phase in that the degree of pilot overloaiing was
difficulit to evaluate., However as yreater reliability
was realiged in the various subsystems, and uvitimately
into the total system, the proksbility of zerious
sverloading of the pilet during critical phases of

the nission was significantly reduced. Degpite
curreant optimiscic views on this question, we would
reccommend that some type of procedural trainer or
simulator bhe nocked-up to provide a more accurate
time-motion study of pilot performance on the longer
and more complicated wissions.

3. Before cvaluation of performance, nc formal
wethodology or procedures have been evolved thus farx
in this prograr to critically evaluate performance

and insterad, the traditional means of evaluation
acainst nission effectiveness on an individual basias

haz been used. The pilot is routinely evaluated
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from an aeromedical standpoint before and after
each mission but no attempt has been made thus far (
to integrate these findinge with the ol jective -
reasures of mission effectivenesa. ¥%We would

recconmend that some effort be committed in 1966

to this area of investigation.
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